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Foreword

As activity and funding at ~he Mid-pacific Research La~ratory began to diminish in the early 1980s,
stwmed fitting that a synthesis be prepared of the three decades of research that had been conducted at
.. laboratory on Erwwetak Atoll. For 30 years the Atoll served as a convenient, accessible location for

{:ej of Mid-Pacific island ecosystems. and several hundred scientists utilized the faciJity. Primary fund-
-; tvas provided by the Off Ice of Health and Environmental Research, Ecological Research Division,

L’ S Department of Energy (formerk the Atomic Energy Commission and the Energy Research and
!kvelopment Administration).

This is an attempt to synthesize in two volumes the results of the Mid-Pacific Research Laboratory
studies that have been published in hundreds of widely dispersed publications. It is hoped that present and
future scientists involved in studies of Mid-Pacific islands will find this synthesis a convenient resource for
Their research.

Considerable time and effort were expended by many contributors to make this synthesis jmssible.
‘hanks are extended to all these authors for their manuscripts. Special appreciation is expressed for
.‘ - Dennis Devaney ’s dedication in filling gaps in the taxonomic descriptions of several invertebrate
groups. This publication would not have been possible, however, without the determination and persis-
tence of Dr. Ernst Reese in organizing and collecting the material, Deepest gratitude is acknowledged for
his conscientious efforts

Helen M. McCammon, Director
Ecological Research Division

OMce of Health and Environmental Research
United States Department of Energy

—.



Preface

., c,]umes of The Natural HisfcJry oj Eneuwtak
,: z,, research done at the Mid-Pacific Research

: ::,r~ from 1954 to 1984 under the auspices of the
; ),l~>rlment of Energy. The history of the labratory and
II,, reasons for its support by the United States Depart-
11,,.n~of Energy are described in Chapter 1 of Volume 1.

over a thousand persons-established scientists, their
,Issls[ants, and graduate students—conducted research at
:h, Iahoratory during the 30.year period. Their efforts

t,, ~ ,r) 223 pub]i~tions. These have been collected in., .’,,
; I,,> of reprints entitled LfidPacijic Marine Labora-
: <utions. 1955–1 979, U. S. Department of

!:, . . Publication NVO 628-1. The laboratory has con
l])),,t>d +mation on a limited scale to the present. A col-
Itction of papers recently appeared in the l?u//erm of
,$for/ne Science, Volume 38. 1986.

Much of the research conducted at the laboratory was
on the marine environment. The reason was that the
majority of scientists applying to work at Enewetak were
!!) !rine biologists. For many, this was the first opportunity

~. the biota of a coral atoll. Fewer studies were con-
n the terrestrial environment and its biota.

!, . ertheless, as these volumes attest, the coverage is
dmazingly complete and thorough, and there are few, if
dny, studies of an equivalent ecosystem that equal the
~otal research effort reported in these volumes

Volume I provides a synthesis of the research carried
out under the subject headings of the respective chapters.
Certain of the chapters, e.g., those on geology, subtidal
-, ~ intertidal environments and ecology, and those on reef

SeS and trophic relationships, summarize a great
>Ity of research carried out by many scientists for

JIs:)y years. In contrast, the chapters on meteorology and
oceanography summarize research carried out under one
integrated program involving fewer scientists working over
a shorter period.

Volume [1 of The /Vatura/ HtstorJ of Enewetak ,f+fo//
provides information on the taxonomy of animals and
plants known to occur at Enewetak Atoll. This taxonomy

‘ijr+~sents a fulfillment of one of the first assignments to

Ifiberatory-to determine the scientific names of the
JId of the atoll. The collections on which the checklists

1) each chapter are based are hooswi al the Bernice P

Bishop Museum in Honolulu and the U. S. National
Museum of Natural History, Smithsonian Institution, Wash-
ington. D. C.

In addition to the species checklists. each chapter in
Volume II provides a succinct summary of the biota with
respect to endemism, range extensions, and other features

that set the Enewetak biota apart from those one might
expect to find on equivalent Indo-Pacific ]slands. This corn.
pendium of taxonomic information for an atoll should
prove of immense value to scientists interested in bioge~-
raphy and evolutionary biology of island ecosystems for
years to come.

One of the problems of editing these volumes has been
the correct use of place names In some cases authors
used the military code names for islands while others used
the native names. Even the native names have changed
from early phonetic spellings to the spellings currently in
use and preferred by the Enewetak people. For example,
the name of the atoll has changed from Eniwetok to
Enewetak, and, although the correct current spelling is
used throughout, the old spelling occurs in older references
and maps which appear in these volumes. Maps giving the
military code names and the native names preferred by the
Enewetak people are located in Chapter 1 of Volume 1.
Surprisingly, it is difficult to determine the exact number of
islands. Due to the effects of storms, small islands are
ephemeral, and two islands and part of a third were ob
Iiterated by nuclear explosions. Currently there are 39 rec.
ognizable islands, and these are shown on the map used
throughout the book.

These volumes do not report on the extensive radiolcg.
ical surveys and studies which have been conducted by the
Lawrence Livermore Laboratory, University of California,
and the Radiation Lakratory, University of Washington,
also under the auspices of the U. S Department of
Energy

Dennis M Devaney, senior editor of this volume, disap
peared while collecting s~cimens off the Island of Hawaii
on August 13, 1983 Dennis was doing what he loved

best. collecting marine invertebrates, at the time of his
death He collected extensively at Enewetak, and he under-
took the task of organizing the systematic chapters of
Vol(]rne [! Beatrice [. Burch, Devaney’s assistant at the

xl



Bishop Museum. completed the task, and she has written of human history. In a small way, this book stands as

the introduction to Volume II. something good that has resulted from those years.

It is fitting that the two volumes of this book are dedi-
cated to the people of Enewetak Atoll. They, like so many Ernst S. Reese

other human beings, were caught up by forces beyond Professor of Zoology

their control and understanding in an immense cataclysm University of Hawaii, Honolulu

X11
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lnt reduction

I rnsf S. Reese

,, t {duail at hfanoa;(. ,:<
; .. , <,,; 96822

., :;rst volume of The Natural History o/ Enewetak

.!,’,, ~,r,)uides a summary of the research carried out over

!I,, ]() year period from 1954 to 1984. The frontispiece
,Ilustrates the dramatic contrasts between the immensity of
IIW lagoon and the seemingly fragile necklace of small
,.hnds u,hich surrounds it, and also between the sea condi.
‘I,,:? on the windward, seaward side of the reef and the
,. ‘:::vt>l,, sheltered waters of the lagoon.

! !, first chapter discusses the history of research at
,~ AtO]], The reasons behind the establishment of

~:!, ~ketak Marine Biological Laboratory are described.

‘i ~uthors, Philip Helfrich and Roger Ray, have been
,issoa ated with activities at Enewetak from the very early
Jays. They conferred with Robert W. Hiatt, the first direc.
tor of the laboratory. In Chapter 2, Robert C. Kiste, a
foremost authority on the people of Micronesia, provides a
history of the Enewetak people to whom these volumes
::e dedicated.

The next four chapters deal with the physical environ-
:> of Enewetak Atoll, [n Chapter 3, Patrick L. Colin

:ribes the physiography of Enewetak. Colin served as.

resident scientist in charge of the laboratory from 1979 to
Ihe end of 1983 when all resident scientific staff left the
atoll. Following the description of the atoll, Byron L. Rist.
vet, a frequent scientific visitor to Enewetak, provides a
summary of the geology and geohydrology in Chapter 4.
Next, in Chapter 5, Marlin J. Atkinson describes the
~ceanography. Under the direction of Stephen L1 Smith,
~~kinson participated in an important study of the lagoon

cula~iorr Chapter 6 on the meteorology and atmos-

:wric chemistry is the final chapter in the group of
chapters dealing with the physical environment of
Enewetak Atoll. Written by John T. Merrill and Robert A.
Duce, the chapter is based on the results of the SEAREX
project Duce served as the director and principal investi-
gator of the project,

The next four chapters are devoted to the marine
+cosystem and its biota. They summarize the large amount
.f research carried out at the Mid-Pacific Research Labora-
tory in the marine environment. All of the authors were

frequent visitors to the laboratory, and they have done a
splendid job of reviewing the research carried out in their
area of interest. In Chapter 7, Patrick L. Colin describes
the subtidal environments of Enewetak and reports on the
research done on the subtidal biota. This is followed in
Chapter 8 by Alan J. Kohfi’s masterful summary of
research in the intertidal environment. Kohn has been a
student of tropical intertidal ecology for 30 years. He tack-
led a particularly difficult task kxxause of the extensive
study of the intertidal environment and its biota by many
scientists over the years.

Chapters 9 and 10 deal with processes and relation-
ships in the marine environment. [n Chapter 9, James A.
Marsh, another frequent visitor to the laboratory and a
recognized authority on coral reef processes, reviews the
extensive work which was carried out at Enewetak on the
community metabolism of coral reefs and related topics
such as calcification processes, nitrogen and phosphorus
cycles, and the role of detritus in the ecosystem. Nelson
Marshall and Ray P. Gerber extend the ecosystem
approach in Chapter 10 to include the entire atoll, They
discuss the trophic relationship between the shallow reefs
and the lagoon. Both Gerber and Marshall conducted
research at Enewetak.

The final three chapters are devoted to the terrestrial
environment. Because fewer scientists applied to conduct
research in the terrestrial environment, less work was
accomplished, and an integrated overview is not possible.
[n Chapter 11, [ report on the life history, behavior, and
ecolcgy of land crabs, review what is known about atoll
soils, and conjecture on the carrying capacity of an atoll
such as Enewetak. For a description of the vegetation, the
reader is referred to Chapter 3 in Volume 1[ by Janet O.
Lambrson, William B. Jackson, a frequent visitor to
Enewetak over the years, and his co-workers Stephen H.
Vessey and Robert K. Bastian report on their Iong-term
study of the rodents in Chapter 12, and Andrew J. Berger
summarizes our knowledge of the bird life of the atoll in
Chapter 13. Berger, a noted ornithologist and the
foremost authority on Hawaiian birds, made a number of
trips to Enewetak.

I suspect that few readers will read this volume from
cover to cover, but those who do will gain an appreciation
for the complexity of the atoll ecosystem and a better

Xvll



understanding of the intimate relationships between the serve its purpose best if the reader comes away with more

seemingly fragile components of the ecosystem: the questions than answers and a desire to find the answers to

lagoon, the reefs, the islands and their biotas, all perched these questions in future research on the natural history of

on a volcanic and coral pinnacle in the vastness of the coral reefs and islands.
Pacific Ocean. In the final analysis, however, the book will

-— —

xvii{
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Chapter 1

Research at EnewetakAtoll: A Historical Perspective

:., !(I ,F) l{~LFRlcH” and ROGER RAY~

:!4:.. ./ Marine Ehobgy. LJrriuersiry o)

.. . ,~;,jl,eoke, FfawoII 96744:
“,,tdo Operations O}jice, U. S. Department of

: ,,,r::y, Las Vegas, Neuada 89114, current
,j, iir,, ss is 10252 Hatherleigh Dr Bethesda,
\j,;rt/,lnd ~(j8] 4

INTRODUCTION

~ .c:fic theater of operations in World War 1[
.:liions of military personnel to the tropical

,,nd their activities on the Pacific Islands afforded
,,. contact and awareness of the physiography and

,,turai history of these small dots of land scattered in the
. ,~st expanse of ocean. This enhanced awareness, coupled
~lrh a recognized need by the military establishment for
:ncreased knowledge of Pacific Island areas, led to
;l)~t rnment-sponsored investigations, complemented by
‘ --- of many individual scientists whose interest had

.! Ited by wartime visits to these islands. In the
yriod. two activities of the U. S. government

I further interest on the coral atoll of the tropical,----

i’,fc)i)c and influenced the future of research at Enewetak

Alol iFigs. 1 and 2). The origin of the spelling “Eniwetok”
:s lost but would appear to be a phonetic rendering of
what the people called their atoll. [n 1973 it gave way to
[he current spelling, consistent with written Marshallese,
dr. + T-leaning ‘“island which points to the east. ”

‘. - rld War 1[ demonstrated the importance of these
-,>?tered land masses to any military confrontation
‘~iclfic basin. After the war, the U. S. Navy moved

: :<. elop a series of permanent bases from among the
m~fi:. temporary wartime bases and outposts which had
beer. established across the Pacific, With the prominent
role of the Navy in developing and maintaining these
baszs, it is not surprising that the Navy’s research arm.
~he Office of Naval Research (ONR), inaugurated a scien -
~lfl: orogram in the ]ate 1940s aimed at a better under
,..

ICJ of atoll morphology and of all aspects of island
:1) microorganisms to human inhabitants. The ONR

: a ser)es of expeditions in conjunction with thr
.; .:.- Science Association, many of which were to atolls

In the central and western tropical Pacific. Arno Atoll in
the southern Marshall Islands and Onotoa Atoll in the Gil-
bert Islands (now Kiribati) were subjects of intensive inves-
tigation in 1950 and 1953, respectively. Scientists
involved in these atoll studies contributed to the establish-
ment of the Eniwetok Marine Biological Laboratory (EMBL)
on Medren Island, Enewetak Atoll, in 1954.

The second postwar activity which served to focus
attention on the mid-Pacific area was the atomic weapons
testing program in the northern Marshall Islands. Two
atomic weapons had inflicted mortal damage upon Japan
and had brought a precipitous end to the war in the
Pacific. Military planners and strategists knew very little
about this new and awesome strategic resource. Thus, an
area was sought which might accommodate full-scale test.
ing of atomic weapons. Neil Hines (1962) in his book
Proumg Ground describes the process of choosing the
northern Marshall Islands as the testing site. First Bikini
Atoll and then Enewetak Atoll became test sites, to be
known together as the Pacific Proving Ground. National
security considerations soon led to research and develop-
ment testing and, with the impetus of the cold war, to the
testing of thermonuclear weapons in these islands. In all,
between 1946 and 1958, 43 nuclear devices were tested
at Enewetak and 23 on Bikini—events which were to have
profound and lasting environmental. social, and cultural
effects upon these two atolls as well as others nearby. The
nuclear testing program provided a setting, a focus of
interest, and an opportunity for research in the northern
Marshall Islands which eventually led to the establishment
of the EMBL.

THE WEAPONS TESTING PROGRAM

Soon after the 1946 , tests at Bikini (Operation
Crossroads), which had been designed to assess the mili-
tary significance of atomic weapons, the United States
Congress created the Atomic Energy Commission (AEC), a
civilian agency charged with responsibility for the research,
development, testing, and production of nuclear weapons.
This new agency was to become host and manager of the
Pacific Proving Ground and, later. sponsor of EMBL.

Operation Crossroads was largely a seaborne opera-
[I{m, with Ioglstic support from the naval base at
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Kwajalein. It consisted of two tests. one an airdrop and
the other an underwater detonation. The radiation and
other effects of both of these tests—code.named Able and
Baker—were largely confined to Bikini Atoll, with such
fallout as left the Bikini area being deposited in areas of
open ocean. The same could be said of the early develop
ment tests, which began at Enewe~ak in 1947. The selec.
tion of these atolls had been strongly influenced by their
remoteness and by the predictability of wind conditions.

The 1954 operation, code. named Castle, was planned
contemplating use of both atolls. Detonation of Bravo. the

first test of Castle, drastically altered that plan. The explo-
sive power (yield) of Bravo was more than twice that
which had been predicted, and local winds carried the

debris, or local fallout, directly across Bikini Atoll. contami-
nating much of the land area and rendering the control
area and many of the experimental sites unusable for the
remainder of the Castle operation (Hines, 1962). Some
testing continued at Bikini, but Enewetak, after Bravo,
took on even greater imponance in the atmospheric
nuclear testing program, During the period which ended on
October 31, 1958, Enewetak was the site of 43 nuclear
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:<sts Enewetak, Medren, and Japtan [stands
<J the command, administrative, logistic, and techni-

c~. support facilities, and the islets in the northern and
eas:ern ~rtions of the atoli served as test areas. Table 1

l!s:j the detonations at Enewetak, and Fig. 3 illustrates the
t?j[ locations on the atoll.

The nuclear testing pr~ram required the mobilization
-:.’ ~ vast assemblage of scientists, technicians, and support

-- -,nnel and the estatiishrnent of laboratories, shops, and

l~]arlers. in addition to pxt facilities and an air ter-
:.) connect wi[h a supply system extending through

.. ~]i to mainland bses as far as 800(3” miles away. Test

operations over more than a decade were conducted by a
series of Joint Task Forces (JTFs), consisting of Army,
Navy, Air Force, and AEC elements, in a coordinated
operational command. The commander was a senior mili-
tary officer of flag rank and had as his deputy a senior
AEC scientist.

The test detonations were grouped in series which,

typically, lasted several months. During the times between
series—usually a year or more—the support apparatus
continued to function. This availability of logistic and
administrative support made it feasible to consider tile
establishment of a laboratory facility. The AEC interest in



Operation
event name

Sandstone
Xray
Yoke
Zebra

Greenhouse
Dog
Easy
George
Item

Ivy
Mike
King

Castle
Nectar

Redwing
Lacrosse
Yuma
Erie
Seminole
Blackfoot
Kickapoo
Osage
Inca
Mohawk
Apache
Huron

Hardtack, Phase 1
cactus
Butternut
Koa
Wahoo
Holly
Yellowwood
Magnolia
Tobacco
Rose
Umbrella
Walnut
Linden
Elder
Oak
Sequoia
Dogwood
Scaevola
Pisonia
Olive
Pine
Qu!nce
Fig

HELFRtCH AND RAY

TABLE 1

Nuclear Tests at Enewetak Atoll
—.

Type and
Date height, ft Yield Location

4/14/48
4/30/48
5/14/48

4/7/51
4/20/51
5/8/5 1
5/24/51

10/31/52
11/15/52

5/13/54

5,i4/5(j
5!27/56
5/30/56
6/6/56
6’11/56
6/13/56

6;16/56
6 21/56
72/56
718/56
7121/56

5/5/58
5/11/58
5: 12/58
5 16/58
5/20/58
5 26/58
5 26/58
5 30/58
6 2/58
6 8/58
6 14/58
6, 18/58
6 27/58
6 28/58
7 l/58
7 5/58
7 14/58
7 17/58
722/58
7 2b~58

8 t>,f58

8 18’58

Tower 200
Tower 200
Tower 200

Tower 300
Tower 300
Tower 200
Tower 200

Surface
Airdrop 1500

Barge

Surface
Tower 200
Tower 300
Surface
Tower 200
Tower 300
Airdrop 670
Tower 200
Tower 300
Barge
Barge

Surface
Barge
Surface
Underwater 500
Barge
Barge
Barge
Barge
Barge
UncferwaIer 150
Barge
Barge
Barge
Barge
Fhrge
Barge
Barge
Barge
Barge
Barge
Surface
surface

37 KT
49 KT
18 KT

47 KT

10.4 MT
500 KT

1.69 MT

40 KT

137 KT

18 KT

137 MT

8.9 MT

Janet, west ttp
sally
Yvonne, north end

Yvonne, north end
Janet, west tip
Ruby
Janet. north tip

Flora
Yvonne, 2000’ b’

Mike Crater

Yvonne, north end
Sally, west tip
Yvonne, byalrstrlp
Irene
Yvonne, middle
Sally, north tlp
Yvonne, middle
Pearl
Ruby
Mike Crater
Mike Crater

Yvonne, north end
Yvonne, 4000’ SW
Gene
James, 7400’ S
Y.onne, 2075’ SW
Janet. 6000’ SW
Yvonne, 3000’ SW
Janet. 4000’ SW
Y.onne, 4000’ SW
Glenn, 7400’ N
Janet. 6000’ SW
Yvonne, 2000’ SW
Janet, 4000’ SW
A}Ice reef. 3 ml SW
Yvonne, 2000’ SW
Janer, 4000’ SW
Yvonne. 561’ SW
Yvo.ne, 12000’ W
Janet, 4000’ SW
Janet, R500’ SW
Yvcmne. mlddlc
Yvoone. mtddle
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expanding know]edge of the environmental setting in which information had been lost to foreign powers in the immedi-
the tests were &ing conducted provided the basis for ate postwar period, and the pace of atomic weapons
discussions which led to the establishment of the EMBL. research and development had become a vital indicator of

political power In this environment, the establishment of a

ESTABLISHMENT OF EMBL university-associated research laboratory, with its traditions
of academic freedom and open publication of research

J( necessitY, the nuclear testing program of the 1940s results, was nothing less than remarkable. It reflected the

1950s was conducted in a climate of national urgency enlightened scientific climate of the AEC and the AEC’S

~l)i classification security. Important scientific and strategic concern regarding the long-term consequences of app]ici-



tions of nuclear technology. There was a need for more
complete knowledge of the dynamic biogeochemical
processes which might lead to the transport of radioactive
contaminants in the atoll system to man. More fundamental
was the acknowledged inadequacy of our understanding of
the systematic and ecology of the highly diverse atoll
biota. Early records of environmental monitoring during the
test series included entries such as “red fish” and “green
filamentous algae,” reflecting the lack of any pertinent tax.

onomic descriptions of the local biota. The College of
Fisheiies of the University of Washington, under contract
to the AEC, had conducted studies at Bikini and Enewetak
of the interaction of environmental radioactivity with vari
ous species and had made substantial contributions to the
literature regarding these nuclear-affected atolls (Hines,
1962). There remained, however, a need for a broader
base of information about the systematic, ecology, and life
history of the atoll flora and fauna.

Details of the discussions leading to the establishment
of EMBL are unavailable. In the early 1950s, however, the
eminent biologist, H. Burr Steinbach, then of the Univer-
sity of Chicago and later of Wmcfs Hole Oceanographic
Institution, was asked by Sidney Galler of the Office of
Naval Research to travel to Enewetak Atoll to explore the
feasibility of establishing a marine biological laboratory,
Steinbach’s trip and his subsequent re~rt recommending
the establishment of a laboratory on Enewetak Atoll were
instrumental in AEC’S action to contract with the Univer
sity of Hawaii to establish and operate the EMBL.

r

The contract, signed on June 3, 1954, required the
university to manage the laboratory and to direct and coor-
dinate its scientific programs. Policy direction and sponsor-

I ship were provided *Y the Division of Biology and Medi-
I tine of the AEC Headquarters in Washington, D. C.

I Robert W. Hiatt, Director of the Hawaii Marine Labora-
( tory, became the first director of EMBL. The first orders

of business were to provide supplies, equipment, and work
areas for visiting investigators and to establish a reference
collection of animals and plants with an ecological index

-- for their use.
To facilitate scientific investigations of terrestrial and

intertidal biota, two islets on Enewetak Atoll —lkuren and
Mut—were set aside as reserves for the exclusive use of
EMBL scientists. This was done to ensure that a continu-
ously available source of typical fauna and flora would be

protected, to the extent possible, from proving ground
activities. During these early years, EMBL scientists were
permitted to use the laboratory only in the intervals
between test series. However, marine scientists from the
University of Washington Applied Fisheries Labratory,
under separate contract to the AEC, were in residence
during the actual test events. Their work at Eneu,etak and
elsewhere in the Pacific is recounted by Hines (1 962) and
is reported in numerous pubiished papers.

The laboratory was first quartered in a rectangular

metal building, with an aquarium lanai, kxated on the
southwest shore of Medren Island The building was
equipped with a simple seawater system. a single air-
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conditioned instrument room containing micros~
small library, and an assortment of nets, diving g=
other field equipment. Being a sponsored tenant

hundreds of scientists, technicians, and sup~~
sonnel—the laboratory enjoyed superb facilities for

housing, recreation, and medical care.
During the 1950s, 1960s, and early 1970s, the ‘

tory was operated on a part-time basis, with the ‘
periods generally dictated by university class ~
Thus, most investigators visited during the summer
and the periods of winter or spring academic h
Also during this period, visit authorizations were r
to male U. S. citizens who had ptssed a security ‘
ing. Travel to Enewetak from Honolulu was by milf
military charter aircraft. The flight time from Hono]
Enewetak was about 10 hours, usually with stops at
ston Island and at Kwajalein and/or Wake Island.
noteworthy that, despite considerable resistance to
invasion by women of what had been traditiorr@
exclusively male territory, arrangements were made

accommodate the eminent zcmlogist E. Alison Kay at
Enewetak Laboratory in December 1970. Her arnvzd
naled a new era in which the merits of the scie
research proposed were the only criteria for acceptan
a researcher at EMBL.

Initially, the research emphasis at EMBL was to
the establishment of a reference collection of the
marine flora and fauna. This was accomplished by s
ists, who made extensive collections of particular groups
animals and plants, identified the individual sped
(including those new to science), labeled, cataloged
preserved them, and placed them in the laboratory
tion room. To complement the reference collection, a
library was established on site, providing convenient a
not only to published references and texts but also to “,

works, both published and unpublished, of visiting inv

served to call this facility and its superb atol] enviro

This early research and subsequent publicity regarding
EMBL facility, combined with the availability of m

research grants, brought an enthusiastic response. F
1954 until this writing, 1028 scientists have worked .

Iection and investigation. Notable was the response of t ~
perate zone biologists who had not previously worked
the tropics, Entering the strikingly clear ]agmn waters f
[he first time, with no more complex equipment M,
face mask, was an exciting experience. Examination of
coral pinnacle, with its enormous diversity of organf
brought a whole series of new dimensions to the work ‘
these scientists. The limitations of the physial facilitf
and the remoteness of the EMBL field station were off
by an abundance of exciting research op~rtunities and
tuai freedom from the pressures and distractions of ~
pus [ife. These features resulted in a level of scientific pm
ductivity unequaled in the experience of most researchefi.

- ——- —
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g)nai EMBL building eventually proved inade.
of the scientists and in 1956 was~-l:,. ,0 ,,~e needs

~lm+d to Include an extension for storage and a

l::
Z(I concrete tank to hold experimental animals.

..,,. ”< ,Ic of the laboratory occurred in 1959,.. , ,..
.,s:er of the University of Hawaii initiated

—
.

j: :-n n shark physiology and behavior. For
,, ... .~r.jnl, : ,~0 interconnected parallel tanks were con-,.,
,!,,,, :,d, which allowed sharks to swim in an oval pattern.
??,:< !<,ClItty permitted rester and his colleagues to hold

~n, j ~ondltion sharks, to test their reactions to various

~!,,.m}cal stimulae. and to elucidate some of the anatomical

●,,.i ncurok@~l bases for their aggressive behavior.
\,:cicar tesring activities at Eirewetak ended in late

.!,.? jec]ara[ion by President Eisenhower of a,, -., ,1
: :w~nied by a similar Soviet moratorium)

, jr :esring. The 1958 moratorium, originally a

) ,,.<,, commitment, was actually continued until Sep-

ttmtwr 1961. At that time. the ~viets suddenly resumed
tt.sting at a high rate. Even then, however, the United
SfaIeS, in its response, did not return to testing in the
$f<lrshal] Islands. Although the AEC continued to adminis-

!vr the Pacific Proving Ground until it was transferred to
~1, Navy In 1960. .AEC gradually withdrew activities and
,, ..., ,, !, fed:en until EMBL was the only active facility

~~~~ TFNS made support such as power, water,
. . . ,:p, ng and messing, and logistics difficult. In 1961

‘.!}.,,. moved from Medren to Enewetak ]s]and where an
aCTIVesupport infrastructure still existed. The laboratory’s
new home became a building on the lagoon side of
Enewetak Island, previously used as a recreation center

(Figs 4 and 5). This building was modified to provide two
small air.conditioned rooms for the protection of instru-

fn,’nrs and chemicals. A rectangular aquarium was con-
. . -! ,,-1 ~p,the center of the large main room which was

-. :hree sides and open to the lagoon, A sea-
~ system was installed, and living quarters were pro

t tdd for EMBL personnel and visiting scientists in a build-
ing across the lagoon road from the laboratory complex.

Although adequate, this facility had one important draw-
back Boat operations required the use of the utility pier at
the northeast end of the island, making loading and
unloading difficult, and necessitating the carrying of equip
ment and specimens between the pier and the laboratory.

!~.$9, another move was in order.

:his same year, the directorship of EMBL passed
,, :rom Robert W. Hiatt to Vernon E. Brock, and then, a

few months later, to Philip Helfrich. Helfrich continued as
director until Janua~ 1, 1975.

in 1969, military activities at Enewetak dictated
another move for .EF4BL, this time to the vicinity of a

large, three-story dormitory building which had been con-
structed on the wan ~ide, toward the ~idd]e of Enewetak

Island. The new l~tion was a complex of aluminum build-

“‘ previously used as library, recreation center, and
:loom. This location was more desirab]e &uUse of its

,\lmitY to sleeping quarters, food service facilities, and
the boatlaunching ramp. in addition, it included a large,
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covered lanai—which was supplied with running seawater
for aquaria—and two portable swimming pools used as
holding tanks. With about twice the space that had previ-
ously been allocated, the new facility included a large gen-
eral laboratory, a shop, photo darkroom, library, equip
ment room, communications room, a dive locker, and a
separate building for the storage of hazardous chemicals
(Fig. 6). In the early 1970s, EMBL acquired its own com-
munication system, providing a voice and teletype link to
the University of Hawaii.

MOVES TOWARD RESETTLEMENT

The year 1972 brought significant plitical develop-
ments which were to have a lasting effect upon the future
of the people of Enewetak and upon the fortunes of
EMBL. Political status talks had been going on for several
years between the government of the United States and
representatives of the people of the Trust Territory of the
Pacific Islands (_lTPI). These talks were aimed at ultimate
termination of the United Nations trusteeship over the
Micronesia Islands (with the United States as trustee) and
the establishment of one or more new and independent
self-administering political entities. During the 1972 talks,
responding to the pleas of the people of Enewetak for the
return of their home islands, the United States took the
first steps toward that return. In April, Ambassador Hay-
den Williams, the President’s personal representative to
the talks, was joined by High Commissioner Edward John-
ston of the TTPI in a public statement of U. S. intentions.
It provided that military use of Enewetak would shortly be
completed, thus permitting the atoll to be returned to the
administration of the Trust Territory, and that steps neces-
sary to rehabilitate the islands for resettlement could then
begin.

Later in 1972, the AEC’S Nevada Operations office,
using the resources of its national laboratories and contrac-
tors, mounted a massive radiological survey of Enewetak
Atoll as a preliminary step toward cleanup and rehabilita-
tion. These activities are described in official reports
(U. S. AEC, 1973; U. S. DOE, 1982; Holmes and
Narver, 1973; and U. S. DNA, 1975). Although EMBL
did not participate directly in either the 1972 survey or
the cleanup, the director and other scientists consulted and
assisted in many ways. While applied science and engineer-
ing were at work to restore the atoll, the basic studies of

EMBL continued apace. Although this tiny, remote
research station might have been overwhelmed by the
enormity of the cleanup effort (thousands of men, over 3
years, at a cost of more than $100 million), those respon-
sible in the AEC (now the U. S. Department of Energy)
and the U. S, Defense Nuclear Agency (DNA), recognized
the lasting worth of the science program and saw to it that
the laboratory’s interests were protected.

In 1978, the U. S. Coast Guard LORAN Station,
which had occupied a complex of buildings at the eastern

end of Enewetak Island, was closed. By agreement with
DNA and with the people of Enewetak, DOE obtained the



LABORATORY LOCATIONS ON ENEWETAK ISLAND

SHADING INDICATES AREA OF ISLAND DEPICTED IN PHOTOGRAPH ABOVE

Fig. 4 Map and aerial photograph showing locations of laboratory sites on Enewetak Island.



A FUSTORICAL PERSPECTIVE 9

-:>.
,’, ,-

,..

Fig. 5 The second laboratory fac{li~ was located on Enewetak [sland from 1%1 to 1%9. photo by E. S. Reese.]

,,,?-i :.-rrr, use of these facilities and allocated them to the
hborarory (Fig, 7). Over the next z years, in anticipation

J the demobilization of the cleanup force and the sharp
reduction in available logistics and life support facilities,
steps were taken to make the laboratory ready to “stand
dhe “ The complex was augmented with several portable
tmuslng and laboratory units, and plans were made for
I,,,,+: :01.~er, fresh and salt water systems, and other

port. The new location was a considerable
.cnt, consolidating all operational and support

ac:.t ::Ies in one l~tion. The new facilities included a

main air-conditioned laborator}~ building with work benches
and equipment space, a library, communications room,

dark room, reference collection room, and several storage
rooms, Attached to the main building were a generator
room and a storage shed. Four additional buildings pro-

~ld?~ sleeping quarters accommodating as many as 18 per-
,,. ‘-)-h+,r bui]ding~ provided a kitchen, fd storage, a

laboratory. a scientific shop, a dive locker, a
maintenance shop, and a covered seawater lanai.

A 50-foot tower on which two 600gal tanks were located
provided gravity feed for a seawater system. Good quality
unfiltered seawater for this system was pumped from a
former quarry in the reef.

Access to the lagoon for boats and personnel was pro-
vided by a conveniently located concrete ramp and a
wooden pier. Laboratory boats were moored offshore or
launched and retrieved from trailers at the ramp.

Fresh water was provided by catchment of rain from
the roofs of several buildings and stored in four 10,000-ga]
cisterns. Diesel and gasoline fuels were stored in tanks on
the lagoon side of the laboratory complex, These fuels,
along with other supplies, were dehvered to the laboratory

approximately every 2 months by the DOE research vessel
Likfanur. which was based at Kwajalein and supported
DOE’s environmental research, rad]ation protection, and
medical programs in the northern hlarshall Islands. Person-
nel, mail, and light cargo were usually transported via the
Airline of the Marshall Islands (A!+fl) on approximately a

biweekly schedule and occasionally on a chartered flight.
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-,.Fig. 6 The third laborato~ facility was larger and in a more convenient location on Enewetak

Island from 1969 to 1978. The name was changed to the Mid-Pacific Marine l-akrato~ (MPML) to
emphasize the broader research purview, of the la borato~. [Photos by E. S. Reew.]
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Fig. 7 The fourth and find krcatton of the laborato~ was in the former U. S. Cm@ Guard
LORAN Station on Enewetak Island from 1978 to the present; a, The dorrnito~ is to the left
and the m- hall to the right; b, View of the Iaboratoq complex from the Wft-h@h water
tower with one of the cisterns in the foreground. The name was again chand to ~ Mid-
Pacific Research I.droratoq (MPRL) to note the Inclusion of terrestrial as well as marfne

research. [Photos by P. Helfrfch.]
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RESEARCH EMPHASIS

There were twomajor periods of research at Enewetak
conducted by the University of Hawaii under contract with
DOEand its predecessors. During the first 20years (1954
to 1974), the AEC supported independent research that
was broadly aimed at increasing our knowledge of this rich
and diverse coral atoll ecosystem. The rationale for sup
porting this broadly based research was that it was impos-
sible to predict what aspects of the system might be most
perturbed by the test activities or what the lasting effects
of these perturbations might be. Thus, a broad spectrum
of investigations was considered appropriate. In retrospect

this was a wise choice because later events and decisions
depended upon information resulting from this early
research. Scientists from EMBL, with ti]eir acquired data

base, were frequently called upon for advice and assis-
tance, especially during the pericd of preparation of the
atoll for the return of the Enewetak people. The modest
cost of maintaining and operating the laboratory over these
years provided the AEC with a bargain in science because
the support systems were in place for AEC and ciefense
department programs. The incremental cost of supporting
the laboratory was, therefore, relatively small. The scien-
tific research was accomplished at Icw cost because most
of the participating scientists were salaried by their home
institutions.

Much outstanding research was accomplished at EMBL
(Fig. 8). The record of accomplishment is set forth in the
volumes of collected reprints of scientific publications
which were issued in 1976 and 1979 (U. S. ERDA, 1976;
U. S. DOE, 1979). As knowledge of coral reef ecosystems
advanced, it was deemed advisable to mount a major
effort to understand the metabolism of an entire atoll
(Fig. 8). Discussions and planning conferences culminated
in the initiation of a major program in the summer of
1971 under the name SYMBIOS. This program lasted for
12 weeks and involved the research vessel Alpha Helix, 25
participating scientists, and numerous support personnel

under the leadership of Robert Johannes. SYMB1OS was
jointly sponsored by the National Science Foundation, the
AEC, and the Janss Foundation. Its initial objective-to
study the metabolism of an entire atoll-proved to be too
ambitious, but a thorough study of the windward reef was
accomplished and some major advancements were realized
in our knowledge of reef metabolism. As wtth other
research, this effort pxed many new questions and chal-

lenges, and resulted in repeat visits to Enewetak by SYM-
BIOS scientists to further pursue work initiated in this
landmark study. The results of SYMBIOS are summarized

in Chapters 9 and 10 of this volume.
In 1972, the DNA began a series of studies to better

understand cratering effects of nuclear explosions. Craters
formed by the nuclear explosions of eadier years were
analyzed by direct observation, seismic response measure-
ments, and dynamic experiments utilizing chemical expl~
sives. Scientists from EMBL were called upon to advise the
defense department, especially upon the expected impact

(ND RAY

of their experiments on the marine environment. Later, I
lowing a strong protest and legal action by lawyers for t
people of Enewetak, the dynamic experiments were q
celed and only shallow coring of the atoll rim and se~
studies of the reef structure were pursued to complete d
project.

The second period of research began with the rew=s
ration of the laboratory in 1974. Following discu . . ..
with the Chairman of the Atomic Energy commiss~
Dixie Lee Ray, a visit was made to the laboratory by ~
ad hoc advisory group, including officials and scienti
from the University of Hawaii, the AEC, and sev~

independent consultants. Chairman Ray had expressed id
interest in reorganizing and upgrading the laboratory to {
full-time operation, with research objectives more dir

4
relevant to AEC interests. The advisory group met t!

Enewetak in February 1974 and later made brfef visits h
Bikini and to Majuro, the capital of the Marshall Is

1

Participants were William O. Forster, Nathaniel Barr,
Charles Osterberg of AEC Headquarters; Roger Ray of
Nevada Operations CMce of the AEC; Philip Helfrich
the University of Hawaii (Director of EMBL); William -
Coops of the Research Corporation of the Universltv of

1
Hawaii; Robert Hiatt of the University of Afaska ~ftrst
Director of EMBL); and Glen Fredholm, an independent
consultant. The advisory group: (1) articulated in some
detail its recommended objectives for a laboratory agenda ~
which would be responsive to AEC direction, (2) suggested~
that the field station at Enewetak be upgraded to full-time ~

1

activity with a resident staff, and (3) recommended that”.
the name of the laboratory be changed to the Mid-Pacfffc,..
Marine laboratory (MPML) to reflect its interest in a wfder,’

geographical area, including such areas as Bikini, where
the AEC continued to have an active interest.

In March 1974, following the advisory group meetings,”
Roger Ray and Philip Helfrich returned to Majuro to m~;j
with officials of the government of the Marshall Islands and

1

with members of the Enewetak Municipal Council. The’
latter meetings were hosted by Micronesia Legal ServiceS
Corporation, counselors for the people of Enewetak. The
Enewetak Council expressed its desire that the laboratory
continue to function in the Enewetak community after the
return and resettlement of the atoll residents. It approved./
the site of the Coast Guard LORAN Station as the uftf- $
mate home of MPML. ~

With the approval of reorganization and redirection of ~
goals, the laboratory entered a new and productive phase. ~
Support and encouragement of basic studies continued
under AEC sponsorship, while mission-oriented research :
was being planned and implemented. The major AEC-

onented projects of the 1975 to 1980 period were (1) a
study of the circulation of the Enewetak Lagoon, (2)
research on the dynamics of groundwater resources of
Enewetak Atoll, and (3) studies of ciguatera fish poisoning
at Enewetak.

On Jan. 1, 1975, Philip Helfrich left the Unl\ersity of
Hawaii and was replaced as director of MPML by Stephen
V Smith, who served in that capacity until 1977. During



Pig. 8 Reacarch advltkm as MPU a, Reaearcharamaking obaervatloru with the ald of scuba equlpmen~ b, Coraf studiesIn the laborato~ G Mkmacopk anal.
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Following the cleanup, support services were 1
drawn, and the laboratory was placed on a “stand &
status, having to provide for all of its own life suppo~ ~
laboratory operations needs, wtth resupply from infr~
supply ships and light aircraft. Durfng this chaflW
period, Reese was ably assisted by Victor R. Johnson
Maridell Foster and by several capable resident lak~
managers: Paul M. Allen, Michael V. DeGruy, and (
Long (1977 to 1979). In 1979, Patrfck L. Colin and J
T. Harrison (1979 to 1983) took over the operation of
laboratory. Throughout this period the laboratory ~
ued to accommodate a few visiting scientists as tr~
tion and logistics could be arranged. #

In 1979, with the cleanup of Enewetak nearing c-

tion and the return of the atoll’s residents imminent
workshop was held at the Asilomar Conference

d

Monterey, Calif., to consider the future role of the la
tory and its relationship to the other DOE scientific
grams in the Marshall Islands. The DOE headqti
sponsor at that time was the Division of Biomedical
Environmental Research under the direction of He~n
McCammon. The DOE policy enunciated at this time

1naled the ultimate phase down of the laboratory over

A

following 2 to 3 years and the determination that si
cant effort should be devoted to synthesizing the re

4
product of the laboratory’s entire history into a publisha
work. The present volumes are the result. It was deci

~
also that, to the extent that the laboratory continued actfu
research programs during the phase down years, t+
should not be confined to the marine environment. Thl
latter decision was reflected in yet another name ch~
MPML became MPRL, the Mid-Pacific Research IA&
tory. In 1980, soon after the Asilomar meeting, He@
again assumed the directorship of MPRL.

For most of the time between 1977 and 1980, a I&
joint military force was at Enewetak—with a peak pop~
tion of about 1000 drawn from the Army, the Navy, th
Air Force, civilian government agencies, predominat~
DOE and civilian contractors. Research at MPRL continue
through this period and in some ways the laborato~
thrived upon the ready availability of logistic suppa-t, apt
cially frequent and dependable airlifts, and a generally @
monious relationship with the joint cleanup command. I
fact, through the cleanup years, the resident manager c
the MPRL facility met daily with the Joint Task Groq
Commander and his staff to discuss mutual interferenti
and mutual support. Many interesting aspects of tb

1

cleanup effort required an intimate knowledge of the at
system, and the laboratory was often called upon for car
sultation and advice. Selection of a suitable site for lagoon
disposal of debris, protection and exploitation of foo
resources, and the reservation of scientifically valua~

I Smith’s tenure the three research projects mentioned
above dominated the activities of the laboratory. A studv. .
of the oceanography of Enewetak Lagoon was prompted
because-despite intensive studies of various facets of
Enewetak’s geology, physiography, biota, ecosystem dy-
namics, radiation contamination, etc.—only cursory infor-
mation existed on the circulation patterns of the fagoon
(Chapter 5 of this volume). This comprehensive study
directed by Smith resulted in information on the physical
and chemical dynamics of the entire lagoon. The topic of
the second investigation was the dynamics of groundwater
resources of Enewetak, a study that developed information
vital to the returning Enewetak people who required
uncontaminated water for drinking and agriculture. This
investigation was directed by Robert W. Buddemeier
(Chapter 4 of this volume). Ciguatera fish poisoning, the
topic of the third study, had plagued the people of the
Marshall Islands for many years, waxing and waning in an

inexplicable manner. The return of the people and their
dependency on fish for sustenance placed a special
urgency on the results of this study that was directed by
John E. Randall (Chapter 7 of this volume).

During 1975, the AEC was reorganized, and the func-
tions pertinent to MPML were assigned to the newly
formed Energy Research and Development Administration
(ERDA). [n turn, ERDA gave way to the U. S, DOE in
1977.

Resident managers were established at MPML on a
year-round basis in 1975, and these individuals became
integrated into the Enewetak community. This was an
important aspect of MPML’s operations because these
scientists represented a benign, if not benevolent, element

among the numerous government-sponsored activities
related to the radiological survey, cleanup operations, and
various medical and agricultural programs. The individuals
who served as the resident laboratory managers were all
exemplary in their dedication, and there were numerous
examples of extraordinary service. From 1975 to 1977
the resident laboratory managers were Philip and Janet
Lamberson.

In June 1977, Ernst S. Reese assumed directorship of
MPML, replacing Smith. During Reese’s tenure (1977 to
1979), the research on lagoon oceanography, groundwater

dynamics, ciguatera, and other aspects of atoll research
continued. Planning and implementation of the move to the
former Coast Guard LORAN Station took date. [n addi-
tion to continuing to fully suppxt the research mission of
MPML, the laboratory personnel cooperated in many ways
with the DNA. A highlight of this cooperation was the pre
duction of an audio-slide presentation to acquaint the mili-
tary personnel of the DNA with the natural history of a
coral atoll and to describe the recreational opportunities
offered by the atoll environment. There was also a caution-
ary note about the dangers of the atoll environment rang-
ing from severe sunburn to the presence of sharks. The
audio-slide presentation contained an important message

about conservation of the atoll environment as well:

observe and enjoy but do not destroy

artifacts were but a few examples. On one occasion a
major earth-moving effort was planned for an island which

had unexpectedly become a nesting ground for a very

!

large flock of migratory birds, The laboratory’s data base ‘
facilitated an immediate assessment of the length of time ~
these birds would require protection, and it was possible to .;
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~,,xhed”le the cleanup activities SO as to have only a

m]nlmal effect upon them.
me atoll rehabilitation program consisted of the re-

moua] and disposir] or isolation of debris and contaminated

~aft,rials, the construction of homes and community build-
., ! ~~ci]ities, and the planting of more than 30,000

! ~ndanus, and breadfruit trees. The cost was

.,, . . G million. In April 1980, a ceremony was held at

~,t,~e!ak, commemorating completion of the cleanup and

rlw return of 543 hewetak people to their ancestral
/,ome A short time later, the last e]ements of the Joint

Task Group departed Enewetak, leaving the laboratory as
the only American presence in the community.

over the next 3 years, major emphasis was placed

u[xln ~tudies of a portion of the atoll ecosystem which had
,., .:, n been largely unexplored—the soft lagoon sutr-

“his research was directed by Patrick L. Colin.
,, .,. i ti]e fallout material which remained from the

Iluckar tests had settled in the lagoon floor, and the
dynamics of this biotope were littie understock As a result

of this research, a fresh perspective was acquired. What
had formerly been considered to be a largely passive SyS-
tem into which materials were sedimented from the water
column was revealed to be an area in which burrowing
organisms were continually reintroducing material into the
water column—a process which led to some revision of
the understanding of important biogeochemical processes.
Interest in these processes helped to stimulate interest, in

1981, in one more interdisciplinary initiative at Enewetak,
A significant improvement in understanding of the

deeper sediments of the lagoon required direct observation
and sampling, and these techniques required the use of a
research submersible. With the cooperation of the Hawaii
Undersea Research fabratory, the research submersible
Makali ‘i was made available for a period in the summer of
1981 (Fig, 9). Other sponsors of the expedition were the
National Oceanographic and Atmospheric Agency (NOAA)
and the DOE. The DOE support included use of the
research vessel Liktanur. Fifteen scientists and seven sup-

port personnel participated in a program which included

!. 9 The research submersible &faka/j”i operated try the university of Hawaii shown on one of Its N research dives In the

~~iewetak Lagoon in the summer of 1981. (Photo courtesy of HURL Program, University of Hawaii.]
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52 successful research dives between July 7 and Sept. 29,
1981. The results were presented in a special symposium
of the Western Society of Naturalists in Los Angeles in
December 1982 and were published in Bulletin o/ Marine
Science (Harrison, 1985).

AN ERA ENDS

Although the plans for an autonomous laboratory after
the 1980 departure of the cleanup forces were thought-
fully and thoroughly prepared and enthusiastically carried
out, and despite the welcome that MPRL had received
from the returning Enewetak community, its anticipated
position as a permanent fixture in that community was not
to be. At a time of constrained research dollars in the
DOE, and with support grants from all sources limited, the
cost of maintaining a resident staff and operating the
MPRL facility as a self-sustaining field station became

prohibitive. Support from the Division of Biomedical and
Environmental Research was terminated in 1982,
whereupon DOE’s Nevada Operations Office sought and
obtained funding for one more year through the DOE
Office of Defense Programs. This additional year of fund-
ing permitted an orderly phase down of the laboratory
activities and the preservation of some of MPRL’s unique
assets.

The reference collection which had been started during
Hiatt’s early tenure had grown and had been well

preserved and cataloged. For several years this was
accomplished through a contract with the Bernice P.
Bishop Museum, under the able supervision of the late

Dennis M. Devaney. The collections were carefully pack-
aged and shipped to Hawaii to be placed in the temporary
custody of the Bishop Museum. Early in 1985, negotia-
tions were completed by the DOE with the Smithsonian’s
National Museum of Natural History and with the Bishop
Museum for the permanent transfer of the reference collec-
tion to the latter institution. The MPRL’s library and much
of the laboratory equipment were transferred to Hawaii
Institute of Marine Biology.

The remaining U. S. government activity at Enewetak
is now conducted on a campaign basis, usually supported
by the research vessel Liktanur. At this writing, however,
two DOE contractor employees remain at the atolf, and
the field station remains intact and capable of limited SUP
port. Philip Helfrich retains the title of Director of MPRL
and, with mcxfest funding from DOE, entertains inquiries
from scientists who desire to explore the feasibility of con-

U.



.

Do E/Ev/oo703-Tl -vol. 2

(DE870061 11)

The Natural History of

Einewetak Atoll

Mume II Biogeography and Systematic

Edited by: Dennis M. Devaney
Bernice P. Bishop Museum
Honolulu, Hawaii

United States
Department of Energy

Office of Energy Research

Office of Health and
Environmental Research

Ecological Research Division

Prepared by

Office of Scientific and Technical Information
U, S. Department of Energy

Ernst S. Reese
University of Hawaii
Honolulu, Hawaii

Beatrice L. Burch
Bernice P. Bishop Museum
Honolulu, Hawaii

Philip Helfrich
University of Hawaii
Honolulu, Hawaii



.

Contributors

A. Charles Arneson

Scripps Institution of Oceanography, La Jolla, California

j::’:,2 f+, Bai[ey-Brock

rliversity of Hawaii, Honolulu. Hawaii

;,ndrew J. Berger
University of Hawaii, Honolulu. Hawaii

A. J, Bruce
Northern Territory Museum of Arts and Sciences

Darwin, N. T., Australia

&atrice L. Burch
B. P. Bishop Museum. Honolulu. Hawaii

-abeth H. Chave
University of Hawaii. Honolulu. Hawaii

C AIIan Child
Smithsonian Institution. Washington, D C

Robert S. Cox
University of Michigan, Ann Artwr, Michigan

Roger J. Cuffey
Pennsylvania State University, University Park, Pennsylvania

~. :rha M. Cutress
University of Puerto Rico, Mayaguez, Puerto Rico

Charles E, Cutress
University of Puerto Rico, Mayaguez, Puerto Rico

Dennis M. Devaney (Deceased)
B.P. Bishop Museum. Honolulu. Hawaii

PauIH. Dunn
Riverside Fire Laboratory, Ri~~rside, California

:cius G. Eldredge
University of Guam. Mangilao. Guam

John S. Garth
University of Southern California, Los Angeles, California

Ray P. Gerber
St. Joseph’s College. North L4’lndham, Maine

Richard E. Grant
Smithsonian Institution. Washington, D C.

Jdnet Haig
Umversiry of Southern California. Los Angeles, California

xiii

Scott Johnson
University of Hawaii at Mane.a. Honolulu, Hawaii

E. Alisor) Kay
University of Hawaii at Mar m, Honolulu, Hawaii

Louis S Kornicker
Smithsonian Institution, t~~s-,lngton, D. C.

Jens W. Knudsen
Pacific Lutheran Universlt~. Tacoma, Washington

Janet O. Lamberson
U. S. Environmental Protec: m Agency,
Newport, Oregon

Judith C. Lang
University of Texas at Aus:. ~. Austin. Texas

Raymond B. Manning
Smithsonian Institution, L{ssnington. D. C.

Gordon M. Nishida
B. P. Bishop Museum, Hor~iulu, Hawaii

Helen A. Randall
B. P. Bishop Museum, Ho-.~iulu, Hawaii

John E. Randall
B. P Bishop Museum, Hc-:iulu, Hawaii

Marjorie L. Reaka
University of Maryland, C? .<ge Park, Maryland

Ernst S Reese
University of Hawaii at M?-oa, Honolulu, Hawaii

Don Reynolds
Natural History Museum. L 2S Angeles, California

Francis W. E. Rowe
The Australian Museum. S .dney, Australia

G. AlIan Samuelson
B. P Bishop Museum. H: -I]lulu. Hawaii

Richard H. Titgen
B, P Bishop Museum. Hc-’)lulu, Hawaii

Roy T Tsuda
Umversity of Guam, Mer.: a~. Guam



Contents

Chapte:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Introduction

Beatrice L Burch

Marine Benthic Algae of Enewetak Atoll

Roy T Tsuda

Fungi of Enewetak Atoll

F’cJu/H Dunn (Ind Don Rey~:o/ds

Natural History of Terrestrial Vascular Plants of Enewetak Atoll

Janet 0. Lamberson

Recent Foraminifera and Nonplanktonic Protozoans

E H. Chol,e ond Dennis M Deuoney

Porifera of Enewetak Atoll

Dennis M Deuanej,

Sea Anemones of Enewetak AtoIi

C E Cutresa and A C Arrsson

Octocorallia of Enewetak Atoll

Dennis M L)euaney

Scleractinia (Stony Corals) of Eneu<tak Atoll

Dennis M Deuwtey and Jud::+ C. Lang

Brachiopods of Enewetak Atoll

FLcharci E Grant

Reef-Dwelling Bryozoans of Enewe:ak Atoll

Roger J. Cu}/e~~ and Robert S Cox

Sipunculans and Echiurans of Eneuetak Atoll

Dennis M Devaney

Platyhelminthes, Nemertea, and Nematoda of Enewetak Atoll

Dennis M Deuaney

Polychaetes of Enewetak Atoll

Denn[s M Deoaney and Julw H Boile} Brock

Mollusca of Enewetak Atoll

E. A/ison Kay and Scott Johnson

[nsects and Allies (Arthropoda) of Enewetak Atoll

G. Allen .Samuelson and Goraon M IYshI&r

Pycnogonida of Enewetak Atoll

C A//an Child

Stomatopod Crustacea of Enewetak Atoll

K@orie L Reaka and Ra)mo,d B Mcnrring

Cirripedia of Enewetak Atoll

Richard H T{tgen

Page

xvii

1

11

17

37

49

53

63

67

77

85

93

95

<]‘7

105

147

179

181

191



●

✎ ✎

Chapter

19

20

’21

22

23

24

25

26

27

28

29

30

31

Nonplanktonic Copepoda of Enewetak Atoll

Dennis M. Dewmey

Lagoon Plankton of Enewetak Atoll

Ray P Gerber

Ostracoda (Myodocopina) of Enewetak Atoll

Louis S. Kornicker

Crustacea Decapoda (Penaeidea, Stenopodidea, Caridea, and

Palirmra) o! Enewetak Atoll

Dennis M. Dew.mey and A. J. Bruce

Crustacea Decapoda (Brachyura and Anomura) of Enewetak Atoll

John S. Garth. Janet Haig, and Jens W. Knudsen

Holothurians of Enewetak Atoll

Ew-tha M. Cutress and Francis W. E. Rowe

Echinodermata Other thar, Holothurians of Enewetak Atoll

Dennis M. Devoney

Protochordates of Enewetak Atoll

Lucius G. E/dredge

Annotated Checklist of the Fishes of Enewetak Atoll and

Other Marshall [slands

John E Randal/ and Helen A. Randall

Reptiles of Enewetak Atoll

Janet O Lamberson

Birds of Enewetak Atoll

Andrew J. Berger

Mammals of Enewetak Atoll

Erns[ S Reese

Miscellaneous Species Records of Enewetak Atoll

Richard H. Tifgen and Beatrice L. Elurch

Author Index

Subject Index

xvi

---———— ——-

Page

197

203

217

221

235

263

277

287

289

325

331

333

337

345

347

-



introduction

Beatrice L. Burch

‘‘ !‘ [?,shop Museum

,.. organization

Honolulu, Howoii 96817

and coordination of the taxonomic

,~tlon of this volume was initiated by Dr. Dennis M.
[>evaney of the Bernice P. Bishop Museum and was com-
pleted by Beatrice L. Burch after Dr. Devaney died in a
tragic scuba-diving accident on August 13, 1983, as he
was investigating shrimp offshore from the Big Island of
Hdwaii. His great interest in al] invertebrates in the tropics
was increased when the opportunity arose for him to work
II :he Mid-Pacific Research Laboratory at Enewetak Atoll.

:z~y made his first collecting trip to the atoll in the
1960s while he was still in graduat< school. As the

c~!!ection grew and taxonomy of the organisms became
better known, it was soon apparent that the reference col-
lection at Enewetak was becoming increasingly valuable.

Devaney was pleased to participate in the Coral Reef
Workshop held at the atoll in 1976, because he believed
that the scleractinian coral collection was the key for the
study of other organisms, The workshop brought together
‘nt~rnational coral specialists to establish species limits on

Important and variable group. After the workshop was
:, reference material from Enewetak was deposited in

European and American museums for ready reference by a
wldcr audience of scientists. Each year after the Coral
Reef Workshop, Devaney went to Enewetak to curate the
reference collection and to conduct his own research on
echinoderms. At the same time, he encouraged the work
of specialists to compile taxonomic and other research
from Enewetak for this publication.

The diversity of the organisms at Enewetak made it
!I!f)cult to find specialists to study all groups, so Devaney

prepared several chapters himself. Unfortunately, most
groups were collected in the course of other work such as

physiology, toxicity, etc., and were not extensively col-
lected by specialists for a particular taxonomic group

The number of families, genera, and species reported
in this volume either from the literature or from new
records determined by the authors

presented in Table 1
References in this volume show

work was done on a particular taxon

of this volume are

that some or much
Many groups remain

TABLE 1

Taxonomic Groups at Enewetak Atoll

Taxon
No. Of
species

No. of No. of

genera families

Algae
Fungi
Vascular plants
Forams and nonplankton]c

protozoa

Porifera

Actmiarla

Octocorallla

Scleractlnia

Brachiopcda

Bryozoa

Sipuncula

Echiura

Platyhelminthes

Nemertea

Nematoda

Polychaeta

.Mollusca (fossil, recent)

Insects and related

arthropods

Pycnogonida

Stomatopoda

Clrr]ped,a

Lagoon plankton

Ostracoda

Natantla

Reptant]a

Anomura

Brachyura

Holothuro]dea

Ech]noderma~a other th~n

Holothurotdea

Fjshes of the Marshall

[sbnds

pl~ptlli~

,A\es
\f~mm~l,a

Totals

238

112

123

279

40

27
31

169

4

84

11

2

31

1
1

132
1240

190

5

12
10

285

lo
145

4

7b

293
20

97

815

9

41
9

124

4671

] (lb

58

9;

144
33

21
17

53

4
t)1
77

2

11

1

1

110

453

157

4

4

7

177

10

56

:1

29

114

11

65

338

9

27

i

87

2284

40
18
48

38
~fj

14
12
12
4

39
3
2

10
1
1

34
151

93

4
.?
b
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to be worked on more thoroughly by specialists in particu-
lar fields, such as Porifera or Tunicata, which, at the
present time. seem to be represented so lightly at
Enewetak Atoll. By having a named reference collection,
the researchers there were able to identify organisms used
in their studies on biochemistry. ecology, productivity,
animal or plant associations, physiology, immunology,
radiobiology, growth rates, and reproduction. They were
also able to make broad interpretations of reef chronology,

Xvlll

geochemistry, stratigraphy, and biogeographic distribution.

The checklist contalneo’ m each chapter has a coded
entry symbol placed before the generic designation to indi-
cate (1) if the organism represents a newly recorded
species for Enewetak or for the Marshall Islands, (2) if it is
a fossil record, or (3) If it has some other reason to be so
marked. The explanations for these codes follow each

species checklist.
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